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(54) Atldltory testing ddvrce 

(57) A device Is provided for applying 
aucJitory stimuli to a new-bom infant 
in order to test the Inf anf s sudttDry 
acuity. The dBVice includes a heacf- 
pjBce lofonnedfrom e (angth of 
gtinerelly tubular elasticBted net 
iMTidage material. Thl3 fray be 
stretchad over the infant's heed eg as 



to encifde the upper part thereof. 
Carriers 1 1nformed from laminated 
laysrs of foamed pieties meterlal, are 
attached to the head-piece and each 
of them constitutes a flap which 
covers the Infant's ear and hold^en 
etectru-acousttcat transducer adjacent 
the ear. Sound is transmined to the 
ear (>y air conduction, rather than by 
bone conduction. 
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SPECIFICATION 
Auditory testing devFco 



65 



This invention relates to a devlCG for applying 
auditory Btimuiao subjects, and in perticular to a 
5 device for applying audrtorvfitirpvli to nevv-born 70 
inftintfi In order to test the infants' auditory acuity. 
Sounds may reach a liuman ear by two routes, 
namely by air conduction and by bone conduction, 
the fir^ routs Involves the hearing of sound 

10 waves sGft up in tha air sumiunding the ear by 75 
transmfsslon of thoae waves along the audltdiv 
meatus and thance vFa the middle to the sensory 
inner ear The second rcuteinvoh/Hs the 
transmiaaion of sound Via the bone structure of 

15 the skull directly to the Inner ear, bypassing the 80 
auditory meatus. When a sound-emitter such ap a 
loudspeaker is placed out of contact with a subject 
substantia Hy all of the sound wfhich is heard is 
received by alt conduction. When a sound- 

20 produdng device i« placed in contact iwith a 85 
aublect particulariy In contact with the head 
much of the sound is recsKred by bone conduction. 

ft lias been found that tests such asthcee 
referred to above can be carried out most . 

25 satisfactorily only if the sound fs recefvod by a 90 
subject by ah* conduction. 

Accordinghf. the invBTition provides a device for 
applying auditory stimuli to a ^ubj'ectr comprising 
a head-piece adapted to be positioned on a 

30 subject's head, and a sound-emitter attached to 9S 
the head-p'race in such a way that, in use of the 
devica, sound la tranamlned to the subject by air 
conduction. 

Preferably two emitters ara used. each. being 

35 positioned adjacent a raspectiva ear. so as to 100 
allow the eare to be tested indepandentiy. 

One way of achieving air conduction is to 
suspend the or each emltterfrom the head-piece 
so that it is spaced firom tha head of the subjact. 

40 Altematlvely, the or each emitter rnay be mounted 1 05 
in a holder \fvhtch is provided vfiXh a layer of 
materiaL such as a soft foam, which Is 
substantially nan-conductive as far as sound is 
concerned. That layer of material may than 

45 contact the head of the subject without sound 1 1 0 
being transmitted thereto by bone conduction. 

In testing tha auditory acuhy of a nevw-born 
Infant It Is convenient to apply an auditory 
stimulus to the infant while It is asleep or resting 

50 pasBlvely, The use of ccnvantional headphones or 115 
ear-pieces to apply the stimulus has the 
disadvantage that the act of frttfng headphones or 
an ear-place is likely to wake or othenvise disturb 
the Infant and hence impede the observation of 

55 the infam's response to the stimulus. 1 20 

In a preferred eriibodimant of the present 
invantion, therefore, at least part of the head-piece 
(S formed of a reslliGnt material which may be 
stretched over the subject's head sd as to encircle 

60 the upper part thereof, and a carrier aicment is 125 
provided for holding an electn>-acoust1cal 
transducer and which In use of the equipment 
provides a flap which covers the subject's aar and 
holds an electro-acousijcal transducer adjacent 



the gar. Separate carrier elerhentB may be 
proi^dcd for locating a respective electn> 
aoousticat transducer adjacent each of the 
subject's ears. 

Preferably the cam'er elements are detachable 
from the head-piece and attachment means are 
provided on the head-place and/or on the or each 
carrier element to facilHate attachment of the 
carrier element or elements to the head-piece. 
Thus, for example, small eyelets or hooks may be 
provided on either or t?oth the head-piece and the 
earner elements. Most preferably complementary 
attachment means are provided on the bead piece 
and the carrier elements^ for example attachment 
maans of the kind composing two types of pile- 
bearing fabric, the pile of one of the types of fabric 
being formed with a plurality of hooks and the pile 
of the other type of fabric being formed with a 
plurality of loops Sn which the hooks may be 
engaged- An example of this kind of attachment 
means Is that obtainable under the Trade l^ark 
"VelcnD"^ Preferably the attachmsni; means are 
arranged so that the position of the canrler 
elGment or elenients on the head-piace is 
adjustable^ 

The head-piece is preferably formed of a soft, 
light-weight material which Is sufficierrtly thin and 
flexible to conform dosely to the subject's head to 
provide a cap or bonnet-like covering. Thus, for 
e5(ample, the head-place can conveniently be 
fbnmadfrom an elasticated net-Ilka material such 
as the elasticated net bandage material obtainable 
under the trada Mark "Netalast". 

The carrier elemams are preferably forrned of 
flexible foamed matariat lor example foarned 
plastic or rubbcrand conveniently the carrier 
elements are in the form of a sheet of such 
material provided with an aperture tn which the 
electro-acoustical transducer may be 
accommPdated as an interference fit. Most 
preferably the carrier elements are of a laminated 
construction formed of foams pf different softness, 
with tha softer foam being provided oh the sid^ of 
the carrier element fntended to abut the subjecfs 
ear and the harder less resIHent foam being 
provided with the aperture for accommodating the 
transducer. 

A device according to tha invention fbr use In 
testing infants' audrtory acuity will now be 
described by way of example, with particular 
reference to the accompanying drawings of which; 

Rgure 1 is a schematic perspective view of a 
devtca according to to the invention fitted to an 
infants' head: 

Hgure 2 is a front elevation of a first part of the 
device off Figure 1 ; 

Rgure 3 is a crDss-sactional view of a second 
part of the device of Figure 1 ^a^d 

Rgurs! 4 is a side elevationat view of the part 
shown in Figured* 

Referring to the drawings, the device of Figure 
1 comprises a head-piece I D, carrier elements 1 1 
(of which only one Is shown) and an electro- ' 
acoustical transducer in the form of a small ear- 
piece or loudspeaker 
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Haad-piece TO formed fram d length of 
pans rally tubular eiaaticatad net bandage itiErterial 
of the typB sold under the l><ada Mark "Netalast^. 
in tho drawings, the head-plecs !s shown In a 
5 distended condition as a reauH of havhg been 
stTBtched in order to fit ovsran infanfa head* The 
headi?1ec8 may, of courae/be n^iade of matBrial 
other than "Natabst'Vp^vlded that rt haa 
Eufflcient elasticity to be ratalned Donnfbrtsbly on 

10 the infanfs head. On dtametrioalfy opposed srd&s 
of the length of "Netatast*' adjacent one end 
thergof are sewn or oth^^se attached stnps 73 
and 14 of "Valero". 

Carrter elements 1 1 are formed from lamtnated 

1 5 layers 1 B and 1 B of foamed plastto material. Layer 
15 is formed from harder material than layer 16 
and Is provfdad v\rt'th an aperture 1 7 In which a 
small toud-speakar 1 Z la accommodated as an 
intDrferenceflt The softer layer 1 6 la provided 

20 with an aparture 1 9 overiying the voice coil of the 
loud-speaker Along ona edgs of each carrier 
element 15 attached a strip of 'Velcro" 20 which is 
complementary to the etrips 13 and 14 of the 
head-piece, thua enabling the carrlar etemerrts to 

25 be relaasably secured to the heed-piece. As can be 
seen from f=Igure 1 , the carriar elements are of a 
sEze and shape euch that when attached to the 
head-piece, they form flaps depending from the 
lower margin of the head-piece and overHylngtha 

30 infenf s ears, with the loud-speaker 12 Ideated 
dossly adjacent the ear* 

Preferably, tha "Valero", strips are of a Size and 
shape auch that the posWon of the earner 
elemsnts 1 1 tney be adjusted eo as to onsura tha 

35 loud-speakers 1 2 era con^ctly poshiohed. 
Alternatively a series of *VbIcto" strips or other 
attachment means may be provided at a series of 
posItidRB on the hBad-pieCB and/or on the carrier 
elements to enable the carrier alBments to be 

40 attached to the head-piece in the required manner 
by setecdhg a particular ccmblnation of 
attachment means resulting in the cari-ler 
alamants locating the Iduct-speakers adjacent the 
infant's ears. 

45 Irtuse theecjuipmehteooordingtothe 

invention, the head-piece 1 0 is stretched overthe 
head of an Infant whose auditory acuity is to be 
assessad, so as to assums a cap- or bonnet-like 
shape. The head-pieca is on'ented sothat the 

50 "Velcro"* strips I la on opposite sides of the heed a 
short distance fibove the ears. By virtue of th e 
elasticity, the head-piece Is retained oh and 
confomris closely to the shape of tha infanf s head, 
in View of its soft and comfortable nature, tha 

55 head-piece f& likely to be tolerated by the infant 
When the Infant Is asleep or resting, the cam'er 
elements 1 1 with their associated loud-speakers 
are attached gently to the heed-piece without 
disturbing the rnfanrL Thereafter an auditory 

60 stimulus may be applied to the Infant by feeding 
an appropriate electrical eignel to the electro- 
acoustical transducers. The Infa nt's audftory a cuity 
may then be readily assessed by monitoring 
char>ges fnducsd by the stErnulus In the infant's 
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65 resting or sleaptng state. Such changas may. for 
example be changes in pulse rate or respiration^ 
ratQ, the amount of body movement or everi the 
. awakening of the child. 

The device acording to the invention may thus 

70 advantageously be used in conjunction with 
lndicatlr>g and recording apparatus which 
simu Itaneousiy Indicates and records both the 
output of the sound-emitter or emitters and the 
response of the subject as measured in terms of 

75 the state of various physTolcgical functrons of the 
subject (for example the pulse ratSr the rate of 
respiration, and the amount of body movement) 
mehtlonad above. Conveniemly, this can be done 
using en apparatus in which the output of the 

80 sound-emitter or emitters and tha vanous 
physfologtcsl furictiohs are recorded on parallel 
pen traces. 

Although a variety of auditory stimuli might be 
used to assssis an infant's auditory acuity using 
as equipmem according to the invention, particularly 
useful acoustic stimuli are sounds vufiich 
correspond to tliose previously heard by the Infant 
while still In ^e womb. Thus, fbr example, sdunds 
corresponding to the so^cstlad "combined uterus 
90 Eouncf * may be transmitted through the load^ 
speakers from appropriate reconJIng of ah ectual 
combined uterus aound or of a sound syntherised 
tq imitate the aotual combined uterus sound. 
These sounds generally cover a wide spectrum of 
95 sound frequency from high notsa to low rumbling 
noises, but the dominant component has a 
frequency of about 200 Hz: 

The equipment described above may be 
particularly advantageously used to apply an 
TOO auditory stimulus consisting qf sounds 

corresponding to the combined uterus sound to ari 
infant, since the flap-like ear covering providing by 
carrier elements 1 1 enables the toud-spoaker to 
be acoustically coupled to the Infant's ears 
105 without exerting pressure thereon, thiis enabling 
. both the high and low frequency components of 
the combined uterus Sounds to be transmitted to 
the Infant's ears, 

A fiirther advantage of the equipment described 
1 1 G is that the head-piece may be placed on the 
infant's heed woll before the testing Of the 
audltbty acuity is to begin. The carrter elements 
with the associated loud-speakers may then be 
applied subsequently without disturbing the chi W. 
lis In one u^ of the invention the infant is 

su bjected su ccessl vely to the combined uterus ^ 
sound, a sound corresponding to that by an infant 
before birth, through tha placenta and navel c<»d, 
and a hlgh-pltchad sound. Tho last sound ssrvss to ^ 
120 plok out infants suffering from jaundice. If the 

infant's hearing Is correct there will be a change In 
Its response with each transition from one sound 
to the next- 

It may be convenient to provide a monitor 
125 whereby a person carrying out a test can hear ths 
sound being delivered to the infant and also 
observe a decibel metre which detects the level of 
sound being delivered. 
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CLAIMS 

1 . A device for appiying auditory stimuli to a 
subject comprising a h&ad-pisce adapted to be 
positioned on a subject's Kead. and a sound- 
emitter attached to the head-piece in such a way 
that^in use of -the device, sound Is transmitted to 
the subject by air conduction. 

2. A dsvice ae claimed in Clatm 1 wherein the 
emitter is suspended adjacent the ear of the 
subject. 

3. A device as claimed in Cfeim 1 wherein the 
emitter is nwunted In a holder which is provided . 
with a layer of material which is substantially non- 
conductive to sound. 

4. A device ea claimed In Claim 1 wherein at 
leest part of the heed-piece is formed of a resilient . 
fnatarfal which can be stretdied over the subject* a 
head so ae to ehciitsi© the upper pert thereof, and a 
can'lor element is provided for holding the emlttef 
acfecent to the subject's ear. 

5. A device as claimed in Claim 4 wherefn the 
carrier element is datachably mountod on the 
head-piece. 

6. A device as claimed In Claim fi wherein the 
25 can-ier element Is adjustably mounted on the 

head^plscB. 

7. A device aa claimed in anyone of Claims 4 to 

6 wherein the carrier element is attached to the 
head-piece by attachmi&nt means comprising two 
types of pi la-bearing fabtie, the pile of otieof the 
types of fabric being formed v»rfth a plurality of 
hooks and the pile of the other type of fabric being 
formed with a plurality of loops in which the hooks 
are angageabta. 

8. A device as claimed in any one of Claims 4 to 

7 wherein the carrier elements are fonmed at least 
partly of a flexible foamed matarlaL 

9- A device as claimed in Claim 8 wherein the 
foamed mflterial is a laminate formed of foams of 
40 different softness, wfth the softer foam being 
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provided on the sWc of the carrier element which 
is to abut the subject's ear, end the harder, less 
reailiBnt foam being provided with an aperture for 
accommodating the emitter. 

1 0. A device as claimed In any one of Claims 4 
to 9 wherein the head-piece is formed of an 
elasticated net bandage materiaL 

11 . A device as claimed In any preceding clainft 
wherein two emitters are provided, one for each 
ear of the subject. 

1 2. A device for applying auditory stimuli to the 
su^ect, substantially as herein described with 
reference to the accompanying drawings. 

1 3. A diagnostic apparatus for determining the 
55 response of a subject to auditory stimill, 

comprising a dewce according to any preceding 
claim and a detecting device for detecting the 
response of the subject. 

1 4. An epparatus as clainned iri Claim 1 3 
wherein the detection device is adapted to detect 
a change in pulse rate. 

1 5- An appai-atus as claimed in Claim 1 3 or 1 4. 
wherein the detecting device is adapted to detect 
a change in the respiraticrt rate of the subject 

16. An spparatus as ciaimed in anyone of 
Claims 13 to 1 5 wherein the detecting device is 
adapted to detect movement of the subject. 

17. An apparatus as claimed in any one of 
Cfalms 1 3 to 1 6 wherein the detecting device is 

70 adopted to detect awakening of the subject. 

1 8. An apparatus as claimed in any one of 
Claims 1 3 to 1 7. wherein the detecting device 
comprfees means for recording the output of the 
or each sound emitter and the or each response of 

75 the subject on parallel traces. 

19. An apparatus as claimed in any one of 
deims 13 to 1 S/Wherain the or each emitter is an 
elflctro-aooustica] transducer connected to a 
recording dtjvice to receive therefrom a signal 

90 representing e combrned uterus sound. 
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